IAEA/PPPL Theory and Simulation of Disruptions WorksB@3g 19ly 2021 @@5& ][\ﬂaé}Pla“Ckth,ﬂtUt
ir Plasmaphysi

The role of impurity transport and temperature

MGI induced runaway dynamics

O. LindérG. PappE. FableF. JenkpG. Pautasso
the ASDEX Upgrade Teaamd th&UROfusidST1 Teain

MaxPlancknstitutirPlasmaphysiBoltzmannsi, 85746&archingGermany
ASee author list of H. Meyertal Fusio®9 1120142019)

Y See author list ofLRbiet alNucl Fusio®9 08602¢2019)

(7N :
{(_}i EUROfusion
\N=

g

= i (- ThisworkhasbeercarriedutwithirtheframewortiftheEUROfusidBionsortiurmndhasreceivefundingromtheEuratomesearchndtraininggrogramm20142018and20192020undegrantagreemeio633053T heviewsandopiniongxpressed
i hereirdonotnecessarikgflecthosenftheEuropea@ommission



https://doi.org/10.1088/1741-4326/ab18b8
https://doi.org/10.1088/1741-4326/ab2211

Outline W

1. The transport model ASTRARAHL
2. ASDEX Upgrade runaway electron experiments
3. Simulating ASDEX Upgrade #33108

a. Runaway electron generation

b. The role of impurity transport

c. Impact of prelisruption temperature

4. Conclusions

2/23



ASTRASTRAHL: the coupled transport codes W
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ASTRASTRAHL: background plasma evolution with ASTRA W
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ASTRASTRAHL: impurity evolution with STRAHL W

Impurity densities
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ASTRASTRAHL: Runaway Electron Generation In ASTRA (REGIA) W

Runawaylectron current density
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(Recall, application to ASDEX Upgrade)
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ASTRASTRAHL: Description of MGl and TQ W

Breakup of magnetic surfaces / onset of TQ
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ASDEX Upgrade runaway electron experifients

MGI in AUG #33108 51
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Simulating ASDEX Upgrade #33108

<%=7"" simulation

2

4

6

8

Key experimental observations reproduced 20
A Increase of electron dessity ;8 1o
A Decay of plasma curient ?Sjlg
A Occurrence of TQ < ]

1.00

Simulatiorfeatures 3

A Density increase reproduced 205

Y current decay reprog .
A Density increase requires additional transport 0.0 -
O pumM 7 U prHAAD ~

T p8tl O =

%

A Thermal energy dissipated by impurity radiation = ;|
A Ohmic heating during@C@rolonged radiation f

A Distinct phases of disruption covered 0
(preTQ, TQ, CQ)

800 -
600 |simulatio experiment
=)
| =24 400 A
'--l -
200 - \é?/
0 7
0 2 G 2
simulation
5 4 6 =
maximum
mean

5 42 6 =

t —tymar (ms)

9/23



Runaway electron generation: current evolution

"Q contraction

Onset ArGl Arreaches LCFS Q contraction
47 t = 0.00 ms — avalanche 47 t = 1.00 ms — avalanche 47 t = 1.50 ms — avalanche 47 t =2.00 ms — avalanche
hot-tail hot-tail hot-tail hot-tail
3 — (x100) | _ 3 — (x100) | _ 3 — (x100) | _ 3 — (x100)
Rz Dreicer Rz Dreicer Rz Dreicer Rz Dreicer
T T (x100) | T ] T (x100) | T ] T (x100) | T ] — (x100)
\E_/ = Ohmic \E_/ = Ohmic \E_/ = Ohmic \E_/ = Ohmic
"“1-__\ "“1-—\ .hl-—\/\‘ =1
O 1 T 1 Ll 1 O 1 T 1 Ll 1 O 1 T 1 Ll 1 O 1 T 1 Ll 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
P P P P
SteepQ gradient Onset of TQ Hottail seed established End of TQ & onset of CQ
47 t=2.52ms — avalanche
hot-tail
3 — (x100)
Ng Dreicer
=gl — (x100)
\% = Ohmic
- Ip = 0.7 kKA
Ihot = O]. kA
0 T T Ll T 1
0.0 0.2 0.4 0.6 0.8 1.0

p

During the CQ

During the CQ

During the CQ

End of CQ

10/ 23














































